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The hamster flank organ has se rved as a model to study 
androgen-dependent responses of the skin, but the quan-
titative response of hair follicl es to androgenic stimulation 
has been neglected . We assayed the hair follicl e response 
to tes tosterone (T) and compared it to the response of the 
sebaceous glands and of the dermal pigment in the Golden 
Syrian hamster flank organ. Because of biologic variation 
in male animals and uneven absorption of hormone from 
parenteral injections, we implanted silastic capsules 0.25, 
0. 5, 1, and 2 em in length filled with crystalline T sub-
cutaneously into female hamsters for 6 weeks. Hair follicle 
response to T was more sensitive than sebaceous gland or 
pigm ent . Diameters of hairs under the sebaceous gland 
increased significantly from control values of 27.7 ± 1.0 
1-Lm to 38.0 ± 1. 6 1-Lm at the lowes t dose ofT tested , the 
0.25-cm capsule (p < 0.001). There was an increase in the 
absolute number of hairs under the sebaceous gland as the 
flan k organ enlarged, from 27.9 ± 9.9 control to 55.3 ± 
5.8 with the 2-cm T capsule. There was no conco mitant 
T he Golden Syrian hamster flank organ has been used for testing systemic. and topical androgens [1-3] and antiandrogens [4-10] . Hair follicles , sebaceous glands, and dermal pigment are all androgen-responsive. Al-though pig ment and sebaceous g land responses have 
been used as measurements of androgenicity , there has been little 
qua ntitative study of the hair follicl e response [1 0,11 ). Recent 
evidence indicates that pigment and sebaceous glands do not al-
ways respond equally to androgenic stimulation , although both 
are androgen-dependent [11 ). N o comparisons have been made 
of hair responses to those of sebaceous g lands or pigment. Because 
man y antiandrogens may be potentially useful in the trea tment 
of hirsutism as well as acne, we are presenting a model for as-
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increase in hair density , 14.4 ± 3. 5 hairs/mm control vs 
12.5 ± 1.1 hairs/ mm with the 2-cm capsule. Hair follicles 
lateral to the sebaceous gland did not show the same re-
sponse to androgen stimulation . Sebaceous gland and pig-
mentation responded in a dose-dependent fashion, the 
maximum effect being achieved with a 1-cm T capsule. 
We conclude that T affects hair by specifically stimulat-
ing growth of individual hairs ph ysica ll y under the seba-
ceous gland . As the whole fl ank organ enlarges more hairs 
are recruited to become large r but no new follicles appear. 
These studies also confirm that there are different sensitiv-
ities to androgen within the various androgen-dependent 
components of the hamster flank organ, with increase in 
hair diameter being highly sensitive. This model should be 
useful for the specific and quantitative assessment of an-
drogenic and antiandrogenic substances on hair growth and 
ultimately be useful for therapy of hirsutism. J h111est D er-
ma to/ 86:83-86, 1986 
sessment of hair growth as well as sebaceous gland enlargement 
in response to tes tosterone (T) st imulation . 
Because there are potential problems from biologic variation 
amon g male hamsters and because there arc uneven blood levels 
ob tained from depot injections, we have employed s.c. implanted 
silastic capsules filled with T to provide a controlled, continuous 
release of steroid hormone w hi ch is proportional to the length of 
the capsule [1 2]. Usin g this mode l, we ha ve demonstrated that 
hair follicl es within the fl ank o rgan develop increased mean di-
ameters, but no t increased density in response to T. In addition, 
we found that hair diameter increased maximally in response to 
T at a lower dose than ei ther sebaceous g lands or pigment. This 
model should be useful as an assa y system for topical and systemic 
antiandrogens. 
MATEH.lALS AND METHODS 
Female Golden Syrian hamsters from C harles River Laboratories, 
weighing 70-100 g, were used throughout the studies. The an-
imals were lightl y anesthetized w ith pentobarbital usin g 75-100 
m g i. p. T capsules were implanted s.c. under the neck folds, 
where they could not be chewed, and the overlying skin was 
fastened with metal clips. 
Silas tic tubing of internal diameter 0.058 inches from the Dow 
C hemical Company was cut to lengths of 0.25, 0.50, 1, and 2 
em . The tubing was packed with crystalline T (Sigma Chemical 
Co.) by vacuum. The ends of the capsules were glued closed with 
caps made from lengths of si las tic tubing which had been filled 
with Dow Corning Adhesive, dried , and cut into 2-mm slices. 
At the time of sacrifice, after 6 weeks of treatment, the pig-
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mcntcd spot and several millim eters of su rroundin g skin we re 
excised , flattened o nto stiff paper, and fixed in 10'){, forma lin fo r 
at least 24 h before process in g . T he scb:1ceo us g land ma ss was 
eas il y visualized within th e pigmented spot, the gb nd was bi-
sected at its w idest di ameter, and both halves we re embedded in 
th e sa m e paraffin block and sectioned in parall el. T issues we re 
sta in ed w ith hemato xy lin and eosin . 
Androgeni c effects o n h ai r diam ete r, sebaceous g land growth , 
and pig mentati on were assessed separately. T o assess lu ir fo lli cle 
size, microscopic sect ions of the Aank o rgan we re proj ected o nto 
large sheets o f news print at a ftxed m agnifi cation and di sta nce. 
The standard w idth counted was large eno ugh to enco mpass the 
sebaceo us g land and adja cen t skin fro m th e la rgest Aank o rga n. 
The diam eter of each hair in the section was m ark ed on the 
proj ection and late r m eas ured. Where the hair shaft was cut at an 
ang le, the m inim um di am eter was m arked. Hairs we re counted 
separatel y und er and outside the sebaceo us g land. 
T o assess sebaceous g land size, 5 tLm-thi ck mi croscopic sections 
were cut fro m the cen ter of the g land and w ere proj ected from 
a fix ed distance on to standa rd w hite paper. The se baceous g land 
sections were traced , cut out , and weighed w itho ut kn owled ge 
of prior trea tment. All papers were handled w ith g loves. The 
largest o f 5 sections of each g land measured was co mpared, and 
res ults were expressed as a we ight index (WI ). T o measure pi g-
mentation , an im als were shaved and th e leng th and w idth o f each 
ova l pigmented spot was m easured prio r to sacrifi ce. A su rface 
a rea index (S Al) was calcubted as the pro du ct of th e minimum 
and max imum diameters . 
Statistica l analyses were perform ed on the C L!NFO co mputer 
in the C linical Resea rch Centers at the Y ale Uni versity School o f 
M edicine and at the Uni ve rsit y of C in cinn ati College of Medi cin e. 
Differences between g roups were assessed usin g Stud ent' s r-test 
adjusted w hen: necessary fo r unequal va rian ce. The Wilcoxon 
rank sum test was used in cases w here g roups were not no rm all y 
dist rib uted. 
RESULTS 
Hairs The mea n di:un eters o f hairs were m eas ured under and 
outside the sebaceous g land. U sin g the secti on that contained th e 
largest sebaceo us g land fro m each Aank o rga n, th e number of 
hairs under each sebaceous g land was counted and a m ean was 
derived from 6-10 anim als in each treatment g ro up (Ta ble 1). 
Data for 5- week and 6-week treatments we re co mbin ed. The 
number o f h ai rs in creased as th e size o f th e g land in creased wi th 
T stimu latio n (Table 1). In cont rast , th ere was no acco mpan yin g 
in crease in density ex pressed as the number of hairs per lengt h 
of sebaceous g land section (hairs/mm). Hairs under the sebaceous 
g land , receiving as little T as a 0.25-cm T capsule, were signif-
icantly VJ < 0 .001) large r (38 .0 ::':: 1.6 fLm ) than th e co ntro l g roup 
(27 .7 ::':: 1.0 fJ.m). There was no dose-depend ent difference be-
tween the anim als receivin g 0 .25 em and the 2-cm (38.3 ::':: 1. 8 
fLm) T ca psules. In contrast, the hairs outside the sebaceo us g land 
had li ttl e res ponse to stimu lation with T. There was no s ignifi can t 
differen ce in m ean diameter b etween the control (26.8 ::':: 0.56 
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Figur e 1. Distribution ofh air fo llicle diameters under the sebaceous glan:l 
of the Aa nk orga n. U ntrea ted female anim als ha ve 85% very small (<+ 
fLill ) hairs and no hairs > 80 !J.Ill in diam eter . Both the lowest (0.25 em 
and highes t (2 em ) doses ofT given fo r 5 or 6 weeks increased tilt 
fr eq uency of medium sized (40- 80 fLlll ) ;1J1d large (> 80 !J.111 ) hairs. 
f.Lill ) and treated anim als at all doses ofT (24.0 ::':: 1.0 to 29.5 : 
1.2 /Lm ). T he di stributi on of hair diam eters unde r the flank o rgl"l 
was also influ enced b y T (Fig 1). In the co ntro ls, 85%, of the hai~ 
we re less than 40 f.LI11 , 15% o f the hairs were between 40-80 J.Lll\ 
and no hairs were g rea ter than 80 /Lill in diam eter. In co ntrast 
all the T-trcated anima ls had a shift in di st rib u tio n such thl' 
25-30% of th e hairs under the sebaceo us g land were 40-80 pn 
in diamete r and 12- 1 5'Yo of the hai rs were g reater than 80 f.Lin 
There was no difference in distribution co mparin g the ani ma! 
treated w ith the sm alles t and larges t T ca psu les. Outside the Aanl 
orga n, the re was a m uch sm aller recruitm ent of large hairs: o 
the co ntrol hai rs, there were 84%, < 40 fLlll , 16% 40-80 fJ.m , an. 
no ha irs were g rea ter than HO fLill. T here was onl y a sm all effl'l· 
of the T ca psule on the outside h airs: 2 .5-8.6'Yo of hairs wer. 
grea te r than 80 /Lill and 12.6-22% of hairs were 40-80 fJ. ffi r 
diam eter (not ill ustrated). 
Sebaceous G lands Fi g 2 ill ustrates th e response o f the sebl 
ceo us g lands o f the flank o rgan to T. All doses o fT ca used . 
signi fica nt in crease in W I co mpared to the controls VJ < 0. 001 
T hnc was a dose-response re lationship between the sebaceo~ 
gland WI and th e T-capsule len gth: m ax imal stim ul ation II'~ 
achieved with th e l-cm T ca psule (W I = 1.54 ::':: 0. 16 vs Wl = 
0.20 ::':: 0.04 in the con tro l) . There was no difference be twe 
W ls in the anim als with 1 - em and 2- cm T capsules at 5- a nd ~ 
week experiments combin ed. Fi g 3 shows his to logica ll y the I 
ative g rowth of th e seba ceous g lands comparin g the cont rol (. 
to an antm al With a 1-cm T caps ul e (b) at 6 weeks. The unstim 
ul ated sebaceous g land tissue in the contro l is seen as a clu ster 
sm all discrete lobul es in contrast to the th icker, soli d m ass aft. 
T treatment. 
Hair Data 
Density of Hairs Under th ~ 
Flank Hairs Mean No. of Hairs Under Sebaceous Gland Diameters o f Hairs Undl! 
Group Orga ns 
Control n = 8 
0.25 CJTl T 11 = 6 
0.5 em T n = 10 
I em T n = 7 
2 em T 11 = 6 
Compared to contro l: 
' p < O.Ot . 
'p < fJ.US. 
'p < 0.00 1. 
Counted 
(223) 
(203) 
(432) 
(357) 
(332) 
the Sebaceous Gland (hairs/ mm) the Sebaceous Gland 
27. 9 ::+: 9.9 14.4 ::+: 3 5 27.7 ::+: 1. 0 
33.8 ::+: 11.0 8.7 ::+: 2.4" 38.0 ::+: 1. 6' 
43.2 ::+: 12.4" 11 .3 ::+: 2.7 39.0 ::+: 1.4' 
51. 0 ::+: 16.4/o 13. '.1 ::+: 5.3 41.6 .:t 1. 3' 
55.3 .:t 5.8' 12. 5 .:t 1. 1 38.3 .:t 1. 8' 
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Figure 2. Response of the sebaceous gland of the Rank o rgan as measured 
by weig hing a proj ect io n of the maximal cross-sectioned diam eter and 
expressed as a W I. All doses ofT tested signi fica ntl y increased sebaceous 
g land WI compared w the control. There was a dose response toT which 
reached a maximum w ith the 1-cm T capsule . The number in each bar 
represents the number of flank organs counted at 5 and 6 weeks combined. 
Bar marker = m ean :±: SE M. 
Pigmentation Al l treated anima ls had pi g m ented spots sig-
nificantl y la rge r th an the control animals w hi ch had received an 
e mpty capsule (p < 0.005). The effect ofT was ev ident by 2 
w eeks (Fig 4), at w hi ch time all hamsters w ith T caps ules at lc:~sc 
0 . 50 em in length showed a significa nt increase (p < 0. 02) in 
pig ment co mpared to the controls. By 3 weeks, a ll an imals w ith 
T caps ules , including the 0.25- cm kng ch, showed sig nif1 cantl y 
(p < 0.001) brger pig mented spots chan the controls. After 3 
w eeks, there was no furth er increase in size of the pig mented spot 
and, in so m e cases, there was a decrease. At 3 weeks maximum 
pig ment stimulatio n was achieved w ith the 0.50- cm T caps ule; 
th e SA is were stati st ica ll y no large r in the anim als w ith the 1-cm 
and 2- cm T ca psules. At 6 wee ks, maximum stimulat io n occurred 
w ith the 1-cm T caps ule, bur the absolu te sizes of rhe pigmented 
spots were sma ller than at 3 weeks. A few an im als died or lost 
ca psules in the course of the study . A decrease in size between 3 
and 6 weeks was confirmed w hen data from the 3- week g roup 
were calculated usin g onl y those same animals w hi ch eventuall y 
survived to 6 weeks w ith intact caps ules . 
s · 
a 
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Figure 3. Low-power photom icrographs of cross-secti oned diameters of 
an untreated female Rank o rg an (a) and a Rank orga n from a female 
ha mster treated for 6 weeks w ith a 1.0-cm sil:tsti c capsule fi lled with T 
(b). There is marked th ickening and in crease in w idth of the sebaceous 
gland (5) w hich appears as small isolated islands in the contro l. Pig mented 
ha1r fo lilclcs (H ) arc larger under th e sebaceous g bnd of the treated anim al. 
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Figure 4. Dose response of the pigmented spot overl yin g the hamste r 
fla nk o rga n to 6 weeks ofT in subcutaneo us silas ti c capsules 0.25-2 em 
lll len gth . Hcsults arc expressed as a SlA (maximum X minimum di-
ameter). Maxim um effect is noted at 3 weeks. Each poi11r represents mean 
of 4- 12 indi vidu al flank organs. 
D ISCUSSION 
T here has been little quan ti tative assess ment of androgen stim-
ulati on of the hair follicle of the ham ster fl:lnk o rgan . T here have 
been two previous studies of hair response of the flank o rga n ro 
androgen . ln o ne /11/, the number of hairs was counted under 
each flank orga n , and th e to tal number of hairs was found to be 
increased w ith increas in g doses of andro gen ; in the other 11 0], all 
the coarse ha1rs 111 the flank o rgan were cpilated w ith wax, and 
the1r mass was shown to in crease wi th increasing doses ofT. 
H_?wevn, in neither of these studies was the increasing vo lume 
o t the flank orga n tak en in to consideration. We have shown th at 
;tl thoug h the number of hairs under the flank o rgan in creased (to 
be expccred if it got brger) , the density of hairs remained un-
changed . In addition, T stimul atio n affec ted the structure of the 
hairs: fo llicul:J.r d iameters in creased in response to androgen. T he 
large number of thm ha1rs 111 th e control represents the typi ca l 
dense 'fur' seen o utside the fl an k organ. Such hairs outside the 
flank o rgan were no t sensitive to androgen. lr appea rs chat the 
androgenic effect on hair is modified by a 'field effect' in th e 
territory of the overl yin g sebaceous gland: hairs o utside the se-
baceo us gland did no t respond with the same in crease in mean 
diameter as did hairs direc tl y under the sebaceous gland . T he 
increase in m ean diameter reflected a decrease in the percen tage 
of th e smallest hairs, and a co nco mitant recruitment to m edium-
sized and large hairs. We postubte th at as the flank o rgan g rew, 
ha1rs w hich had previo usl y been o utside the sebaceous gland were 
now under it and became more recep ti ve to androgen ic stimu-
lation. T hi s may have occurred by induction o r unm askin g of 
and rogen receptors on the hair fo lli cles. The actu al nature of the 
differenti al response of hairs under and outside the gland is a 
m atter fo r fu rther speculation and ex perimentation . 
We have confirm ed the observa tio n of others [11] that a ll com-
ponents of the flank o rga n may not respond eq uall y to androgenic 
snmulano n. Altho ugh all 3 components showed a response toT, 
ma xi mum stimul ati on of hair diameter was achi eved w ith sm aller 
capsule than needed for pigment and seb:lCeous gland m aximum 
response . Such d::aa should c:1ution aga inst ass umin g similar an-
drogemc o r antia ndrogeni c response to com po un ds b y different 
ta rget organs. T hus, a substance w hi ch mi ght be useful tor acne 
(sebaceo us gla nd suppression) may not have the sa m e effect on 
hi rsutism (hair follicle suppressio n). 
In these stu d ies, we have presented a model for rh e controll ed 
continuous quantitative stimulati on of all the sepa rate a ndrogcni ~ 
co mponents of the hamster flank organ: the hair fo llicle, the se-
baceo us g land , and the pigmented spot. Sil3sti c caps ules which 
arc permeable to ste ro ids have been used for the con trolled de-
livery of other ho rmones, such as diethy lst ilbestro l, in a variety 
86 LUCKY ET AL 
of experimental models (1 2, 13]. T hey appear ideal for the an-
drogenic stimulation of the flank o rgan as well. Release ofT from 
the capsules is proportional to the surface area of the tubing and, 
thus, varying the length of the capsule determines the dose de-
livered irrespective of the quantity of hormone w ithin it. Al-
though there are always biologic variations among species, this 
model may be useful for several reasons . Usin g the silas tic cap-
sules, the dose o f hormone can be modulated to deliver a stead y 
systemi c level without the flu ctuations th at are seen in normal 
biologic variation or in depo t injections. The ca psules allow the 
dose to be lowered enough to achieve minimum effective stim-
ulation , circum venting the potential problem of overwhelming 
the effect of an antiandrogen. Finall y, the method is convenient 
and requires only a single implantat ion rather th an multiple in-
j ections . 
In summary, we present a practi cal model for the qu antitative 
study of androgen effect on the hair follicl e as well as other com-
ponents of the hamster fl ank organ using silas ti c ca psules of vary-
ing lengths fill ed w ith T. Hair follicl e diam eters increased in 
response to T and were more sensitive to T than were pigment 
or sebaceous glands. Androgen increased the diameter of hairs in 
the flank orga n under the sebaceous gland but did not alter hair 
density. T his model shou ld be useful for the qu antitative study 
of various topical and sys temic antian drogens. 
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